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SUMMARY
In the brown alga Ascophyllum nodosum (L) Le Jolis,
a common species on sheltered Northern temperate
rocky shores, gametes are produced in receptacles that
emerge from small depressions (lateral pits) along the
branched frond. These lateral pits are also the preferred
settling site for the obligate epiphyte Polysiphonia
lanosa (L) Tandy. Therefore, epiphytism can be
expected to interfere with host reproductive output. The
present study investigated the potential impact of the
epiphyte on A. nodosum in two series of laboratory
experiments that measured: (i) the direct shading of the
host plant underneath an epiphyte canopy; and (ii) the
development of receptacles in clean and epiphytised
A. nodosum segments (excised from individual fronds)
over a 6 month period. These experiments showed that
light reaching emerged fronds underneath a dense epi-
phyte cover was reduced by 40%, and this was inde-
pendent of the degree of desiccation the epiphyte
experienced. Concurrently, in the growth study with
epiphytised A. nodosum segments (segments with one
clean and one epiphytised lateral pit) total receptacle
biomass per epiphytised fragment was significantly
reduced compared with clean segments (0.52 g and
1.25 g per gram of frond segment, respectively),
although this effect was only significant in A. nodosum
from sheltered shores. However, expressed as biomass
per lateral pit, receptacle biomass in the remaining
clean lateral pits in epiphytised segments was signifi-
cantly increased in segments from both shores, dem-
onstrating that A. nodosum can at least partially
compensate for the loss of production resulting from
epiphytism.
Key words: Ascophyllum nodosum, epiphytism, lateral
growth, morphogenesis, reproduction, shading.
INTRODUCTION
Ascophyllum nodosum (L) Le Jolis is a common inter-
tidal brown seaweed in temperate latitudes that repro-
duces both sexually and vegetatively from small shoots
at the base of a holdfast. The latter can survive and
produce new shoots for decades. The shoots arising
from the holdfast are initially unbranched but then
develop laterals that produce reproductive structures
(receptacles) from small depressions (hereafter called
lateral pits, see Fig. 1) along the lateral branches
(Baardseth 1970). The receptacles are initiated in the
lateral pits approximately between May and July. Ini-
tially, all laterals generated in these pits are vegetative,
but throughout the autumn and winter many of them
become reproductive and gametes are released in the
following spring. Polysiphonia lanosa (L) Tandy also
frequently establishes as an epiphyte in the lateral pits
of A. nodosum (Lobban & Baxter 1983). Newly settled
epiphytes penetrate these pits and the underlying host
tissue by means of a rhizoid, which can physically block
these pits (Rawlence & Taylor 1972; Turner & Evans
1977) and prevent the emergence of lateral branches
or receptacles.
An additional adverse effect of epiphytism can be
direct shading of the host plant. Terry and Moss (1980)
demonstrated that a reduction in overall irradiance
could result in reduced lateral production and similar
observations have been made in a related seaweed,
Fucus distichus L. (Bird & McLachlan 1976). In addi-
tion, it has been suggested by several authors (e.g.
Russell 1973; Mathieson et al. 1976) that the onset of
reproduction might be triggered by photoperiod. This
was again confirmed by Terry and Moss (1980), who
established that short day photoperiods favour the
production of reproductive over vegetative laterals in
A. nodosum. Similar photoperiodic effects are also
described by Uchida (1993) in Sargassum horneri
(Turner) C. Agardh.
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The filamentous epiphyte P. lanosa is usually very
patchily distributed on the fronds of Ascophyllum, but
host plants bearing high epiphyte loads can be almost
completely smothered (Lobban & Baxter 1983), result-
ing in a considerable reduction in irradiance reaching
the host plant’s frond surface (Sand-Jensen & Borum
1984; Sand-Jensen et al. 1985; Figueiredo et al.
2000). A. nodosum frequently occurs in very dense
stands on sheltered shores and it is likely that plants
on the surface of the canopy shade those beneath
(Cousens 1985; Robertson 1987; Schroeter et al.
1995; Stengel & Dring 1998). Although the self-shad-
ing effects in A. nodosum have previously been studied,
shading effects by the epiphyte have not yet been
quantified.
One way to test a possible shading effect of the
epiphyte on receptacle production and growth, is to
conduct experiments involving the removal of the
epiphyte from lateral pits, which should, if shading
was an important factor, lead to a higher production
of laterals and/or greater extension growth. This fac-
tor, if large enough, could exert significant costs on
the host plant in terms of lost reproductive effort.
The magnitude of each factor might also be expected
to vary in populations on shores of different expo-
sures, as it is known that plants on exposed shores
often have a greater reproductive output with increas-
ing exposure, but also carry higher epiphyte loads
(Cousens 1982, 1985; Lobban & Baxter 1983).
Therefore, the aim of the present paper is to investi-
gate the relationship between infestation by the epi-
phyte P. lanosa and production of reproductive
laterals by the host and to establish whether a reduc-
tion in irradiance or ‘competition’ for lateral pits or a
combination of both have the potential to signifi-
cantly decrease host reproduction.
MATERIALS AND METHODS
Sample collection
All experiments were carried out using plant material,
collected on a sheltered shore on Fort Island (54°05′N,
4°37′W) or an exposed shore at Scarlett (54°04′N,
4°39′W), Isle of Man, British Isles. These shores will
hereafter be referred to as sheltered and exposed
shores, respectively. Samples were collected from the
lower limit of the distribution of A. nodosum, where the
highest epiphyte loads occurred. All plants were differ-
ent genetic individuals and were sexually mature plants
at least 1 m in length (Cousens 1985).
Reproductive effort of Ascophyllum 
nodosum in the presence of 
Polysiphonia lanosa
The present study was carried out in April 2000 during
the peak reproductive period of A. nodosum. Forty
fronds carrying varying epiphyte loads were chosen.
They were transported back to the laboratory in buck-
ets of seawater to prevent drying and consequent
gamete release and were stored at a constant temper-
ature of 10°C until further processing. All receptacles
and epiphyte clumps were removed from the fronds
and their wet weight was measured after repeatedly
blotting them between paper towelling until no more
moisture appeared on the paper. Dry weights were
obtained by drying tissues in an oven at 60°C until
constant weight. Total reproductive effort was calcu-
lated as the receptacle weight as a proportion of total
tissue biomass per frond (Mathieson & Guo 1992;
Åberg 1996).
Fig. 1. Schematic drawing of an
Ascophyllum nodosum frond showing
the morphological features referred
to in the text and indicating the areas
of frond used in the experiments: (a)
generalized A. nodosum frond; (b)
detail of distal part of frond showing
the area from which segments were
excised (dotted lines); (c) three
frond segment types used in the
experiments.
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Measurement of light levels underneath a 
dense canopy of Polysiphonia lanosa
Individual clumps of P. lanosa were excised from the
host plant. They were attached in a straight line to a
transparent Perspex sheet to create an experimental
‘frond’. Clumps were attached by passing their bases
through small holes bored into the Perspex sheet. A
ruler was then attached to the edge of the sheet so that
measurements with a light meter could be made at
precise intervals. The experiment was carried out using
three Polysiphonia clumps spaced 40 mm apart. The
clumps were large enough for adjacent clumps to lightly
touch. Measurements were made from 40 mm in front
of the first epiphyte clump to 40 mm beyond the third
clump, giving the experimental frond a total length of
160 mm.
A white fluorescent tube (Philips 58 W/35) was
placed 500 mm above the clumps, providing the same
irradiance all along the experimental frond. The irradi-
ance was measured in air using a LI-250 light meter
(LI-COR), with the probe facing upwards, through the
canopy, from approximately 10 mm below the Perspex
sheet. To obtain light measurements the probe was
passed along the three clumps at a rate of approxi-
mately 10 mm per second. During this time 15 read-
ings were obtained. The measurements were repeated
five times and were made in the absence of the epi-
phyte (control) and at 5 degrees of desiccation: 1, 2,
4, 6 and 8 h.
Growth of laterals from epiphytised and 
clean Ascophyllum nodosum segments
The present study was run in the laboratory between
June and December 2000, using segments of
A. nodosum that had been excised from the second
youngest internode of a frond. The fronds were col-
lected in June, the key period for lateral initiation, so
that effects of epiphyte removal on lateral growth could
be investigated. Three treatments were set up: seg-
ments with two clean lateral pits, segments with one
clean and one epiphytised pit and segments with one
clean pit and one pit from which the epiphyte had been
removed (Fig. 1c).
Each treatment was applied to excised frond seg-
ments from an exposed shore and a sheltered shore
(i.e. six treatments in total). A total of 30 segments
were excised for each treatment, resulting in a total of
180 segments. The number of replicates in the shel-
tered treatment, from which epiphytes had been
removed, only contained 4 groups, due to mortality of
segments in one container within the first month of the
experiment. As lateral development had already started
in the other replicates, these segments were not
replaced.
Each excised segment had two lateral pits. Seg-
ments from epiphytised fronds were chosen so that one
lateral pit was epiphytised, whereas the other was com-
pletely clean and bore lateral initials. The segments
were usually 10 mm in length. However, as epiphytised
fronds often had a wider diameter than clean ones,
smaller segments were sometimes excised for the epi-
phyte treatments to gain segments of comparable size
between treatments. Prior to carrying out experiments,
all segments were examined under a binocular micro-
scope to ensure that clean looking lateral pits were
actually un-epiphytised and that no Polysiphonia germ-
lings were present. In epiphytised segments, P. lanosa
clumps were also cleaned of contaminating green algae
and small grazers. For each treatment, five 0.5 L plastic
containers, each containing six segments, were set up.
Prior to the start of the experiment the initial length
and number of lateral initials per lateral pit were
recorded for each of the segments.
Following the culture and lighting conditions of Terry
and Moss (1980), frond segments were maintained in
a culture cabinet in filtered seawater without nutrient
supplements at 10°C and a short day 8:16 h photope-
riod under white light (Philips 58 W/35white fluores-
cent tubes, approximately 40 µmol/m2/s). Tanks were
rotated periodically within the culture cabinet to com-
pensate for possible variations in irradiance. At the end
of the study the dry weights of vegetative and recepta-
cle tissue were determined for each segment.
Statistical analysis
Differences in lateral length and weight per lateral pit
among and within treatments were analyzed using
either nested or repeated measures analysis of variance
(ANOVA) procedures on the basis of the general linear
model (GLM) using the GLM module in Statistica ver-
sion 6 (StatSoft, Tulsa, USA). This model allows anal-
yses not only of multiple predictor variables but also
different types of variables (e.g. categorical and contin-
uous variables). Prior to each analysis data were tested
for homogeneity of variance using Cochran’s C-test.
Where variances were heterogeneous, data were log
transformed (Underwood 1981) or, in the case of per-
centage data, arcsin transformed. Following the ANOVA,
a Student–Newman Keuls (SNK) procedure was carried
out, where appropriate, to further examine differences
between treatments.
RESULTS
Measurement of light levels underneath a 
dense canopy of Polysiphonia lanosa
The light measurements in the laboratory caused a 40%
reduction in the photon flux density under a dense
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cover of P. lanosa compared with control measure-
ments. Desiccation only caused very slight changes in
light penetration; that is, the maximum degree of shad-
ing was reached soon after exposure and is likely to
remain at this level until re-immersion (Fig. 2). These
findings were confirmed by a one-way repeated mea-
sures ANOVA and post hoc test (P < 0.0001, SNK pro-
cedure: control > 0–8 h and 2 h = 4 h = 6 h = 8 h).
Reproductive effort of Ascophyllum 
nodosum in the presence of 
Polysiphonia lanosa
A linear regression analysis carried out on the trans-
formed data from epiphytised and clean fronds of
A. nodosum from Fort Island revealed a statistically
significant negative linear relationship between the dry
weight of P. lanosa per gram of vegetative tissue of the
host plant and the reproductive effort of A. nodosum
fronds (F1,38 = 5.617, P = 0.023, y = −0.36 × −
 3.494, transformed data not presented graphically).
The untransformed data showed that for clean fronds
or those with very low epiphyte loads the reproductive
efforts ranged from between 10 and 68% but reproduc-
tive effort was generally low at epiphyte loads of above
0.05 g epiphyte tissue per gram of A. nodosum tissue
(Fig. 3).
Morphological differences between clean 
and epiphytised segments
Within each site, the width of the fronds and the
starting numbers of lateral initials per lateral pit were
significantly higher in epiphytised than in clean fronds
(sheltered site: F2,124 = 12.534, P < 0.0001; exposed
site: F2,194 = 19.159, P = 0.0001). This is a possible
confounding factor but one that could not be avoided.
However, because no analyses were planned for the
growth of new laterals from lateral pits but solely for
the development of existing lateral initials, this was
deemed to be tolerable. Despite the initial differences
in lateral numbers per lateral pit, no significant differ-
ences occurred between initial number of lateral initials
and average growth in length of individual laterals in
any of the treatments over the course of the experiment
(Fig. 4). Therefore, differences in initial lateral num-
bers per lateral pit between treatments were assumed
not to interfere with the analysis of length growth and,
most importantly, lateral differentiation into vegetative
and reproductive laterals, which was the main focus of
the study (Fig. 4).
Lateral branch differentiation on clean 
lateral pits
The development of receptacles, judged from the thick-
ening of the tip of laterals in the lateral pits and
formation of conceptacles, began within a month of the
start of the experiment. In all treatments a small pro-
portion of the laterals emerging from lateral pits
remained vegetative during the course of the study. The
proportion of these laterals appeared higher in the seg-
ments from the exposed than the sheltered site, irre-
spective of whether the segments were epiphytised or
not (Table 1). Within the samples from the exposed
shore, clean segments produced the highest proportion
of vegetative laterals (18.87%). in the treatments with
plants from the sheltered shore, the highest proportion
of vegetative laterals occurred in epiphytised plants
(12.5%). The length of receptacles on segments from
both sites had also increased considerably by the end
of the study. In both sites the length of laterals at the
end of the experiment was slightly higher in clean than
in epiphytised plants (Fig. 5a,b). However, the ANOVA
showed that this difference was only significant for
segments from the sheltered site (sheltered site:
Fig. 2. Light penetration through a canopy of Polysiphonia
lanosa at varying degrees of desiccation of the epiphyte, n = 5,
error bars ±1 standard error.
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Fig. 3. The relationship between reproductive effort of fronds of
A. nodosum (g dry weight receptacle mass per total frond biomass)
and their epiphyte load (g dry weight per gram host tissue). Data
shown are not transformed, n = 40.
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F2,122 = 3.671, P = 0.028; exposed site: F2,162 = 1.256,
P = 0.288).
Receptacle dry weights in clean and 
epiphytised segments
Receptacle biomass expressed as g dry weight per g of
host tissue showed that in both sites clean segments
carried a significantly higher receptacle mass than epi-
phytised segments (sheltered shore: F2,49 = 25.061,
P = 0.0001, exposed shore: F2,55 = 5.399, P = 0.007
see also Fig. 6). This effect was slightly more pro-
nounced in plant segments from the sheltered than the
exposed shore. However, expressed as receptacle dry
mass per lateral pit, dry weights in epiphytised plants
with only one lateral pit available for receptacle
production were significantly higher than in clean
fronds. Differences between treatments were again sig-
nificant for both exposures. In addition, receptacle dry
weight per lateral pit was also significantly higher in
segments with one epiphytised lateral pit than in seg-
ments from which epiphytes had been removed (shel-
tered shore: F2,50 = 4,65, P = 0.014, exposed shore:
F2,60 = 27.005, P < 0.0001; also see Fig. 7).
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Table 1. Development of receptacles and vegetative laterals in segments from the sheltered site at Fort Island and the exposed site at
Scarlett Point
Treatment No of initial lateral buds % vegetative shoots
of total at end of study
% epiphytised lateral pits
with lateral formation Initial Final
Sheltered clean 69 67 10.45 0
Sheltered + epi 40 40 12.5 5
Sheltered ex epi 28 28 3.45 7.14
Exposed clean 68 69 18.87 0
Exposed + epi 68 69 14.49 0
Exposed ex epi 63 64 10.94 0
For both sites ‘clean’ refers to unepiphytised segments, ‘+epi’ to epiphytised segments and ‘ex epi’ to segments from which epiphytes
had been removed.
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DISCUSSION
In the present study, shading was investigated as
one possible factor by which the epiphyte P. lanosa
can adversely affect reproduction in its host plant,
A. nodosum. Several authors report effects of reduced
irradiance and changed photoperiods on growth and in
some cases morphogenesis in different aquatic plants,
but these studies do not specifically mention effects on
sexual reproduction (Critchley 1983; Moore & Wetzel
2000). Fitzpatrick and Kirkman (1995), for instance,
describe a decrease in the shoot numbers and leaf
growth rates in the sea grass Posidonia australis Hooker
1858. Hwang and Dring (2002) reveal an effect of
photoperiod on frond development in Sargassum muti-
cum (Yendo) Fensholt, whereas Cousens (1985) dem-
onstrate that the longer, older fronds on top of an
A. nodosum canopy make the greatest contribution to
the reproductive output. Significantly, it is also these
fronds that normally carry the highest epiphyte loads.
In such fronds host reproduction is, therefore, likely to
be considerably impaired.
Substantial decreases in total irradiance reaching
the surface of the host plant could also be demon-
strated in the present study. However, this does not
necessarily mean that shading was the main determi-
nant of the decrease in reproduction found in heavily
epiphytised fronds on the shore. Importantly, there was
no significant difference in the extension growth of
laterals between epiphytised segments and those from
which epiphytes had been removed, indicating that the
presence of the epiphyte did not exert a negative influ-
ence on the development of existing lateral initials.
One possible reason for the apparent absence of any
adverse impact of the epiphyte on the growth and
Fig. 5. The mean length of laterals on clean lateral pits in the
three types of Ascophyllum nodosum segments from (a) Sheltered
site and (b) Exposed site in June (solid bars) and December (open
bars). n = 30 (n = 24 for segments from sheltered site with epi-
phytes removed), error bars are ±1 standard error.
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epiphytised segments in December 2000: closed bars = sheltered
site, open bars = exposed site; n = 30 (24 for segments from
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development in the lateral pits adjacent to the epiphy-
tised ones is that the laterals, once initiated, are fully
photosynthetic and, therefore, are able to fix their own
carbon from a very early stage, without being reliant on
neighboring host tissues. The only difference between
treatments was a generally higher proportion of laterals
remaining vegetative in plant segments from the
exposed shore compared to the sheltered shore. Such
a pattern does not indicate an effect of the epiphyte as
such but might point towards a generally different
survival strategy of A. nodosum on shores of different
exposure. It is consistent with observations by  pre-
vious authors that the proportion of laterals becoming
reproductive increases with decreasing exposure in
A. nodosum (Cousens 1986).
It might be argued that removal of the epiphytes
could not have led to production of new laterals,
because the number of laterals per lateral pits had
already been determined prior to the start of the exper-
iment (i.e. the resources had already been allocated)
(Geber et al. 1997; Watson et al. 1997). This would be
a fruitful subject for further investigation. It has in the
past been difficult to carry out such experiments with
large modular seaweeds, although segments of smaller
algae have been cultured (Komatsu et al. 1997). The
present study has not only confirmed the results by
Terry and Moss (1980), but has also shown that it is
possible to maintain the epiphyte in a healthy state for
a comparable period of time together with the host
plant. Therefore, studies with such small segments are
a viable option for carrying out laboratory studies on
large modular seaweeds not normally amenable to lab-
oratory culture.
Taking into account the above results it appears
likely that it is not an indirect irradiance effect that
reduces current reproduction, but the physical blockage
or even destruction of epiphytised lateral pits (rather
than adverse effects on neighboring pits) that is the
main factor reducing the reproductive effort of
A. nodosum. According to Rawlence and Taylor (1972)
the host tissue surrounding the penetrating rhizoid of
P. lanosa degenerates and in some cases completely
disappears. If the tissue destroyed by the penetrating
rhizoid includes the meristematic region of the lateral
pits (Moss 1970), they are likely to permanently lose
the ability to produce laterals and, therefore, reproduc-
tive bodies. This could explain why on the shore the
most severely epiphytised plants often do not consist
of more than the epiphytised main axis and one or two
laterals.
Perhaps most importantly however, although epiphy-
tised lateral pits do not produce any lateral branches
themselves, either vegetative or reproductive, clean lat-
eral pits on the same epiphytised internodes produce
more receptacles per pit than lateral pits on completely
clean internodes. This is inconsistent with adverse
effects of shading on the number or length of apical
shoots and lateral branches described in earlier studies,
and shows that A. nodosum seems to be able to
compensate to some extent for the loss of lateral pits
by increasing production of receptacles from those
remaining.
That A. nodosum is able to increase production of
receptacle biomass from clean lateral pits when adja-
cent pits are blocked, indicates that the cost of epi-
phytism in terms of lost reproductive output in the host
might be considerably lower than estimates from the
mere presence of P. lanosa would indicate. However,
because receptacles and vegetative laterals are pro-
duced from the same lateral pits, blockage of these pits
means inhibition of lateral production in general. This
would, therefore, not only affect current but also future
reproduction as further sites for the production of lat-
erals become reduced and also by preventing the
growth of vegetative laterals, which would produce new
lateral pits. Such a cost assessment would depend on
the actual incidence of P. lanosa in a given A. nodosum
population. The shape of the curve in Figure 2, shows
clearly that beyond a certain threshold epiphyte load,
reproductive effort would be permanently low. There-
fore, although A. nodosum might be able to tolerate low
to medium epiphyte loads, reproductive inhibition is
likely to occur at high incidences of P. lanosa. On
exposed shores epiphyte loads are often higher and host
biomass lower than on sheltered shores (Cousens
1985) and it might be in these populations that the
effect of the epiphyte on host reproduction will be most
pronounced.
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